Background: Temporomandibular disorders (TMD) cover a wide spectrum of disorder; myalgic, arthralgic and psychogenic. The procedure of TMJ arthrocentesis has a role in managing patients with arthralgic pain and limitation if they fail to respond to non-surgical therapy. Method: The patient records of a single private specialist OMS were searched over the 9-year period of 2006-2014 to identify patients who had arthrocentesis as part of their multidisciplinary management. The detailed demographic, diagnosis, pre and post arthrocentesis procedure were identified and put on a database. Appropriate statistics were performed. Results: Seventy-six patients had 115 arthrocentesis procedures performed in the study period. Fifty of 76 had improvement in their pain and 16 of 41 had an increased jaw opening of more than 10 mm. There were no complications or morbidity. Analysis of patient variables generally showed no correlations. Conclusions: Temporomandibular joint arthrocentesis has a role in the multidisciplinary, multimodality treatment of arthralgic TMD.
INTRODUCTION
Temporomandibular joint disorders (TMD) are a complex series of presentations in the community. Many people remain undiagnosed and put up with the symptoms or are unaware that treatment can be provided. On presentation to a clinician the first step is to determine whether their presenting orofacial pain is a TMD or other pathology. With TMD the important step is to determine whether it is primarily muscular or whether there is an intra articular problem. It is also essential to determine whether the TMD is isolated or is part of an overall musculo skeletal problem such as fibromyalgia or rheumatic or osteoarthritic joint disease. Psychological factors also require investigation as they profoundly impact on the presentation and outcome. 1 These points have been fully presented in the recent review article on TMD in the ADJ Supplement "Contemporary Oral & Maxillofacial Surgery." 2 Intra articular cases of TMD are about 10% of the total TMD population. They are characterized by pain, particularly on talking and chewing. The joint is tender to palpation. Jaw opening is limited with clicking or catching or an inability to fully open. Plain radiographs such as orthopantomograms (OPGs) are often normal but more detailed investigations such as magnetic resonance imaging (MRI) show internal derangement with or without intra articular effusion or degenerative osteoarthritic changes. These internal derangements can be readily classified in accordance with the Wilkes classification. 3 Initial management of intra articular TMD should follow the standard non-surgical treatment of all types of TMD, namely -rest, analgesics, exercise and bite splints. Sometimes these are effective but in particular with acute pain and limitation these non-surgical methods are difficult to implement as they are painful and do not result in resolution. In these cases the simple minimal invasive procedure of temporomandibular joint arthrocentesis is indicated. [4] [5] [6] [7] The corresponding author of this paper has a 50-year clinical and research interest in TMD. 8, 9 Initially the clinical experience was in an academic teaching hospital environment with involvement in chronic pain 10 and psychological management of pain.
11-13
Concurrently detailed animal experiments were conducted on temporomandibular joint pathology and surgical reconstruction. 14, 15 These involved the development of close multidisciplinary linkages with general dentists, physiotherapists, psychologists and chronic pain specialists. This multidisciplinary approach has been transferred to a private speciality setting. The patients were managed in accordance with a TMD algorithm. 16 (Table 1 ) This study looks at a retrospective consecutive series of patients managed by a single experienced Oral & Maxillofacial Surgeon with wide orofacial pain experience over a 9-year period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . The precise indications for arthrocentesis are pain well localized to the temporomandibular joint with or without limitation of jaw opening. The presentation, non-surgical management before and after arthrocentesis and any subsequent arthrotomy procedures were documented and analysed.
METHOD
Patients who had a temporomandibular arthrocentesis procedure in the 9 year period, 2006-2014, were identified from operation records from over 2000 TMD patients referred to the senior author for diagnosis and management of TMD with approximately 25% being primarily arthrogenous. The full demographic and management details, both pre and post arthrocentesis Diagnosese should be reviewed each visit 3.
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procedure, were transferred to a customized database with manual cross checking as required.
A full clinical work up including medical psychological and orofacial aspects was performed. All had basic OPG and review of any other images which had been taken prior to referral. MRI and/or computer tomography views were not routinely obtained but ordered if clinically indicated. Post arthrocentesis, all non-responsive cases were reworked up with full imaging.
Pain was clinically assessed by matching the patients pain report to a visual analogue score (VAS) score, with a VAS report of pain over 7 being the indication for arthrocentesis after failure to respond to non-surgical treatment. Jaw limitation was assessed by interincisal measurement in millimetres. Similar assessments were made post arthrocentesis.
A standardized arthrocentesis procedure was performed by a single surgeon. 17 Following full informed consent of the procedure, the patient was admitted to a single private hospital in Adelaide with intravenous sedation by a specialty anaesthetist. Two millilitres of Marcain was injected into the superior joint space followed by insertion of two needles into the superior joint space. A minimum of 100 mL of isotonic saline was flushed through the joint space from one needle (input) to the other (output). If it was not possible initially to get a good flow then the joint space was pumped until a good flow was obtained. If limited, the jaw was manipulated until an interincisal opening of 40 mm or greater we achieved. Two to four ml of triamcinolone 40 mg was injected into the joint space and lateral ligament and a small 1 cm circular bandage placed over the injection site. The patient was returned to the recovery room for 2-4 h of monitoring and then discharged home. All patients were given a review appointment and followed up as needed.
The outcome was monitored by the patient's subjective report of pain and interincisal measurement. Ongoing advice about future non-surgical management was offered. Patients who did not respond well either in terms of pain or limitation were offered repeat arthrocentesis, chronic pain management or arthrotomy.
Data analysis was performed using Strata IC Software (Version 15 for Mac Apple Inc Cupertino, California USA). Chi square tests were used for analysis with the alpha level set at 0.05. Odds ratios were calculated to compare variables as required.
The study was performed in accordance with retrospective case note audit ethical requirements of the Central Northern Health Commission of South Australia.
RESULTS
Seventy-six patients had an arthrocentesis procedure in the study period which represents less than 15 per cent of the primarily arthralgic patients seen. Their full demographics and diagnosis is presented in Table 2 .
Seventy-two of the 76 patients had received and failed appropriate non-surgical treatment prior to proceeding to arthrocentesis. The four who proceeded directly to arthrocentesis without prior non-surgical treatment all had acute closed locks and had considerable pain and limitation (Table 3) . There were five patients, who in the past had an open surgical procedure mainly by another surgeon, who had ongoing limitation. These were all tried on non-surgical treatment first but then had arthrocentesis and manipulation to encourage more opening.
A total of 115 joints had an arthrocentesis with an even spread of unilateral and bilateral procedures. Four patients, with five joints, who had incomplete improvement after the first procedure had a repeat procedure at 3 months, with good effect. A further five patients with seven joints had done well after the first procedure but represented more than 12 months later with pain. Usually there was an identifiable event such as trauma or high stress life events which retriggered the pain (Table 4) . The outcome is presented in Table 5 . Fifty of 76 were pain free by 3 months post procedure. Twentyfive of 76 had no appreciable improvement in pain and one felt the pain was made worse. That patient had significant psychological issues and was treated with a cryoneurotomy procedure and chronic pain management.
Forty-one patients had jaw limitation of less than 30 mm interincisal opening. All had some improvement although it was less than 5 mm in 14 of 41 and only 16 of 41 had more than 10 mm improvement.
All patients were reviewed at 10 days post surgery and advised to continue with further non-surgical treatment. Forty-seven of 76 did so but 29 of 76 did not continue with non-surgical treatment as their pain and limitation had resolved. All were offered further appointments and were advised in writing to return if they had problems. On completion of the study the average time since the patient had last been seen was 7 years (range 2-12 years).
Patients with ongoing symptoms after arthrocentesis were carefully reviewed (Table 6 ). They were offered ongoing further non-surgical treatment, chronic pain referral (6 patients), repeat arthrocentesis (9 patients) or open surgical procedures (11 patients).
Detailed statistical assessment of pair variables, including age, gender, referral source, duration of symptoms, diagnosis, pain resolution, limitation resolution, trauma, high stress levels and generalized arthritis was performed but with no statistical significance.
DISCUSSION
This study shows that the simple minimally invasive surgical procedure of temporomandibular joint arthrocentesis does help resolve the pain for 50 of 76 patients and limitation for 16 of 41 patients who had reduced range of jaw movement. All of these patients with arthralgic TMD had failed to respond to conventional non-surgical treatment often after several years of ongoing pain and disability. With those patients who failed to respond, the diagnostic information was carefully re-evaluated and further non-surgical, repeat arthrocentesis, arthrotomy or chronic pain management offered. No patient had any complications from the arthrocentesis procedure.
This study also confirms that management of TMD requires multidisciplinary skills and experience on the part of the treating clinician or in their referral base. 2 No one diagnosis or treatment resolves all cases of TMD. Indeed, a common fault amongst dentists is to consider all TMDs the same, namely muscular parafunction and the only treatment is bite splints. There is overwhelming evidence that this is not so. Diagnostically although muscular types are most common, there are several subgroups. 1 The treating clinician must know the general musculoskeletal state, particularly of the neck. 18 Arthralgic or joint problems involve about 15% of all TMD patients presenting for treatment and again one must be aware of the precise type of intra articular pathology, whether there has been trauma to the jaw, either macroscopic or parafunctional. One also needs to know what other pathology is present in other joints. The temporomandibular joint (TMJ) can be involved in generalized synovial pathology, a the wide range of connective tissue disorders and rheumatoid pathology. Understanding of the patient's psychological state is fundamental to pain. Numerous studies show it is the key determinant of the outcome. [11] [12] [13] There is a group of patients with atypical facial pain where their pain experience is not congruent with known anatomical and pathologic findings to the unwary, this can mimic muscular types of TMD. 19 Although widely used, the evidence that bite splints are effective, is tenuous. Studies are either short, not randomized or placebo controlled. 20, 21 Inadequate definition of patient population, therapies, control treatments, follow ups and monitoring of patients have led to unclear results. 22 The most promising line of research into the effects of splints is the analysis of intra articular temporomandibular joint pressure. 23 It increases on biting, is reduced at rest and by a bite splint. Regrettably this surgical research is not well-known in the dental literature and has not been replicated in humans. We did show similar results in some animal studies. 24 This study has the limitation of retrospective analysis of patient groups. They are not randomized and for pain one is relying on subjective patient reporting. To minimize bias the treating clinician had his patient records reviewed and data analysed by a group of visiting researchers who were not involved in the patient's management. We also used the patient experience not the individual joint procedure as it was the patient not the joint who has the pain. The results clearly show that not all patients improve as much as the patient and treating surgeon would like. However, for those it does not help, it allows further exploration of other options.
Attempts at correlating pain variables which made clinical sense were not statistically significant. This may be due to the small sample size and the heterogeneous nature of the patient, a common finding in retrospective studies. This difficulty in correlating the outcomes of arthrocentesis to other factors, has also been shown in other studies. 4, 25, 26 Surgically a small group proceeded to further surgery, one with cryoneurotomy 27 and the remainder with discectomy. 28 No patient had more extensive procedures, such as temporalis or fat grafts, costochondral or alloplastic temporomandibular joint replacements. In the author's experience these larger procedures do have a role in the management of ankylosis or tumours but not in TMD. Similarly, although the author was involved in the introduction of TMJ arthroscopy from Japan to the Western world 29 he prefers either arthrocentesis or open arthrotomy to arthroscopic surgery. Although some studies show the superiority of arthroscopic lysis and lavage over arthrocentesis, 4 this is a very specialized technique that is currently not within the armamentarium of all oral and maxillofacial surgeons.
CONCLUSION
This study shows that the simple minimally invasive procedure of temporomandibular joint arthrocentesis has a place in the multidisciplinary management of temporomandibular disorders.
